I. Introduction
In recent years, an increase in the number diseases related to serum cholesterol levels have highlighted the importance of cholesterol determination and in turn has been reflected in the development of electrochemical devices for quantification of cholesterol. A number of biosensors developed so far for the detection and quantification of cholesterol primarily focus on diagnosing for disorders [1] [2] [3] [4] . Cholesterol biosensors based on the amperometric method have been fabricated predominantly of easy miniaturization and real-time monitoring. Apart from this, biosensors based on photometric behavior such as, luminescence, fluorescence and surface plasmon resonance (SPR) have also been developed [5] [6] [7] . The principle behind amperometric sensors is that when the enzyme is immobilized onto the surface of an electrode, a redox reaction between the enzyme and the analyte occurs that leads to a subsequent electron transfer between the enzyme and the electrode. This transfer of electrons is transduced into an electrical signal (current). The measurements of O 2 consumption or H 2 O 2 production during cholesterol catalysis by cholesterol oxidase is the strategy frequently used in cholesterol biosensors. Thus, the current generated is directly proportional to the amount of the analyte present [8, 9] .
Research for a wide range of applications including electronics, optics, catalysis and biological sensors has been largely focused in the area of nanotechnology due to their specific physico-chemical properties. Particularly, metallic nanoparticles such as silver, gold, palladium and platinum have been used extensively due to their unique properties which significantly differ from those presented by the bulk materials [10] . Some of their unique properties are sensitive interface roughness, catalytic and conductive properties, mass transport enhancement and larger specific surface area. The nanoparticles can also increase the rate of electrochemical reaction [10] . Single and multiwalled carbon nanotubes, MWCNTs, CNT-chitosan/GCE , Fe 3 O 4 -SiO 2 /MWCNT, graphene modified graphite electrode, graphene/Pt NPs, Pt/Au ZnO nanorods, NSPANI-AuNP-GR/ITO, AuNPs/Au electrode, graphite-teflon matrix and Pt-Pd bimetallic nanoparticle decorated grapheme are some of the supports which have been used for the transduction of generated biological signals to electrical signals for cholesterol determination [11] .
The use of carbon nanotubes (CNT) in fabricating cholesterol biosensors have been reported quite recently as they are quite versatile and provide a number of advantages over the conventionally used materials in biosensor fabrication [5, [12] [13] [14] [15] [16] [17] [18] . Multiwall carbon nanotubes (MWCNTs) consist of concentric cylindrical shells of graphene sheets arranged around a central hollow area [19] . Owing to their distinctive structure, CNTs acquire extraordinary properties such as high flexibility, large aspect ratio, strong adsorption properties and optimum biocompatibility [20] . Carbon nanotubes are capable of immobilizing biomolecules without diminishing their activity and have attracted scientists to utilize this potential in the construction of sensing devices. Apart from DOI: 10.9790/264X-03021020 www.iosrjournals.org 11 | Page this, their nanoscale dimensions, their graphitic surface chemistry, and electrocatalytic properties of carbon nanotubes make them an interesting material for sensing purpose [11] . Many reports show the use of nanomaterials in the form of composite materials for developing cholesterol biosensors. CNTs and NPs of Au, Ag, Pt, TiO 2 etc. are commonly used in the form of nanocomposites as enzyme immobilization matrix for biosensor fabrication [21, 22] . Most of these biosensors include chitosan as the dispersing medium for CNTs because of its biocompatibility [23, 24] . Many biosensors based on CNT electrodes have been reported using carbon nanotubes, it is quite an interesting field of innovation and it reveals a new direction in research on biosensors. In this study, an attempt was made to immobilize cholesterol oxidase onto carbon nanotubes and to fabricate an amperometric biosensor with superior detection in comparison to conventional cholesterol biosensors. The surface confined redox mediator ferrocene carboxylic acid exhibit an excellent electron transfer mediator which facilitate the redox reaction and also act as electrical wiring to connect the cholesterol oxidase and GCE. Detailed studies have been made to correlate the stability and sensitivity of the present biosensor with the previous reported results.
II. Materials And Methods

REAGENTS AND SOLUTIONS
Some of the chemicals and solvents like toluene, nitric acid, hydrochloric acid, sulphuric acid, Triton X-100, sodium phosphate monobasic and sodium phosphate dibasic were purchased from SRL Chemicals (India). Ferrocene carboxylic acid, multi-walled carbon nanotubes and cholesterol were procured from SigmaAldrich Chemical Co. (USA). N-hydroxysuccinimide (NHS) and N-ethyl-N'-(3-dimethyl aminopropyl) carbodimide hydrochloride (EDC) were purchased from Tokyo Chemical Industry (Japan). Cholesterol oxidase was obtained from Enterobacter cloacae [25] (Specific Activity 21.87 U/mg) was used. All aqueous solutions were prepared with double distilled water and stored at 4 ºC.
Instrumentation:
The Perkin-Elmer 360 model IR double beam spectrophotometer was used to record the FT-IR spectra. The spectra were collected from 4000 to 400 cm-1 with 4 cm-1 resolution over 40 scans. All spectra were collected against the background spectrum of KBr. Scanning electron microscopy (SEM) was carried out with field emission JEOL-JSM-6360 instrument, USA. The Cyclic Voltammetry experiment was carried out using, USA and Gamry model 330, USA. Electrochemical experiments were carried out using Gamry, USA model 330 including PV 220 software and a CHI 660A electrochemical instrument, USA. A three electrodes system consisting of GCE of 3mm of the geometrical surface area was purchased from BAS, USA. The Ag/AgCl with 3M KCl was used as a reference electrode and a platinum wire as a counter electrode. The surface of the GCE was polished using the polishing kit from, Bioanalytical system (BAS, USA) the surface of GCE. Initially, the surface of the GCE was cleaned by polishing the surface with 500 micron alumina powder, followed by washing with DD water and finally, it was sonicated for 5 minutes.
Purification and Functionalization of Multiwalled Carbon Nanotubes (MWCNTs)
A mixture containing MWCNTs (50 mg), toluene (50 mL) and trifluoroacetic acid (5 mL) was sonicated for 2 h at 4ºC, centrifuged at 5000 rpm for 15 min and then the purified MWCNT's washed thrice with toluene. The toluene was removed by drying under vacuum condition for 24 h. Functionalization of MWCNTs was carried out by mixing the CNT in a solution containing nitric and hydrochloric acids in the ratio of 3:1 in an ultrasonication bath at 65ºC for 18 h. The mixture was then centrifuged, supernatant was removed and the nanotubes were air dried.
Assembly of ChOx/MWCNTs/Chitosan Glassy Carbon Modified Electrode
A suspension of MWCNTs was prepared by suspending 5 mg of CNTs in 1.0 mL solution containing sodium phosphate buffer (0.02M; pH 7.0), ferrocene carboxylic acid (12 mg), NHS (30 mg) and EDC (10 mg). This mixture was ultrasonicated at 4ºC for an hour. Cholesterol oxidase (5 mg) was added subsequently to the MWCNTs suspension and subjected to ultrasonication at 4ºC for an hour. The mixture was stored at 4ºC overnight. Chitosan solution (0.25%; w/v) was prepared by dissolving chitosan (0.1 g) in 40 mL acetate buffer (0.1 M; pH 5.0). The solution was filtered through 11 µm filter paper (Whatman, England) to obtain a clear solution and stored at 4ºC.
Prior to modification, the GCE (Glassy Carbon Electrode) was polished with fine emery paper and ultrasonically cleaned for about a minute with water. The electrode was washed thoroughly with double distilled water, dried at room temperature and coated with the MWCNTs solution containing the immobilized enzyme. Once this coat dried, a thin uniform layer of chitosan was applied (0.25%; w/v) on the electrode. The immobilized enzyme was coated on a glassy carbon electrode followed by a thin layer of chitosan, to construct a working electrode. This working electrode along with Ag/AgCl as a reference electrode and Pt wire as an DOI: 10.9790/264X-03021020 www.iosrjournals.org 12 | Page auxiliary electrode were connected through a three terminal electrometer, thus forming the cholesterol biosensor for the estimation of serum cholesterol. The electrode was stored at 4ºC when it was not in use. All solutions were purged under nitrogen atmosphere for 10 mins before being used.
Optimization of Cholesterol Biosensor
The optimum working conditions of cholesterol biosensor was studied in terms of the current (µA) generated in the presence of cholesterol with sodium phosphate buffer (0.02M) at pH's varying from 6.0 to 7.8. In order to access the optimum temperature, the biosensor was incubated at temperature ranging from 20 to 70ºC and the readings were taken at intervals of 10ºC. In order to check the sensitivity of the electrode to varying concentrations of the substrate, cholesterol concentrations from 0.646 to 12.9 mM (25 to 500 mg/dL) were prepared from a stock solution and incubated with the biosensor for 30 minutes at 30ºC. Cyclic voltammetry and amperometry analyses were carried out to study effect of substrate concentration on the biosensor responses.
Evaluation of cholesterol biosensor
The biosensor was evaluated by studying its linearity, sensitivity, minimum detection limit, accuracy, storage and stability. The effect of various serum metabolites such as uric acid, ascorbic acid, bilirubin and glucose found in serum samples were also studied at the normal hyperconcentration.
III. Results
The development of biosensors began in the year 1962 with the potentiometric measurement that was coupled with glucose oxidase to measure glucose in blood (Clark and Lyons 1962). This report also introduced the concept of coupling an enzyme with the signal transduction in the creation of a sensor (Clark and Lyons 1962). The success of enzyme-coupled electrochemical sensors is mainly due to the excellent selectivity that enzymes have for analytes of biomedical interest, as well as the simplicity of the electrochemical measurement. Research has been on the rise since the report by Clark et al., (Clark and Lyons 1962) on enzyme based biosensors.
Fabrication and Mechanism of ChOx/MWCNTs/Chitosan Modified GCE
This study, utilizes cholesterol oxidase along with a MWCNT solution, obtained by mixing it in sodium phosphate buffer (0.02M; pH 7.0), ferrocene carboxylic acid, NHS and EDC for the fabrication of a cholesterol biosensor. Cholesterol oxidase was immobilized on to the MWCNTs, which was then adsorbed on to the glassy carbon electrode (GCE). Chitosan layer was then formed and a final product of ChOx/MWCNT/Chitosan modified GCE was obtained (Fig. 1) . The enzyme was covalently attached to MWCNTs modified GCE by activating the -COOH group in MWCNTs using EDC as the coupling agent, NHS as activator and ferrocene carboxylic acid as the mediator, which catalysed the reaction. The EDC-NHSactivated -COOH group bound to NH2 group of ChOx resulting in the formation of a covalent amide bond (CO-NH). Cholesterol oxidase was immobilized on to the MWCNTs, and was finally adsorbed on to the glassy carbon electrode (GCE). A chitosan layer was then applied to aid the ChOx/MWCNT IN adhering o the GCE. (Fig. 2a) . The absorption peaks exhibited at 2250 cm-1 and 1550 cm-1 are the signature peaks of carbon nanotubes. Once the enzyme was immobilized on the MWCNT's, additional peaks appeared at 1649 cm-1and 3464 cm-1 these corresponded to the carbonyl and hydroxyl moieties of carboxylic acid group. The peak at 1707 cm-1 was attributed to -C=O stretching vibrations due to the bound cholesterol oxidase. the carbonyl stretch (amide I band) and -N-H bending (amide II band), was responsible for two peaks respectively at 1649 cm-1and 1645 cm-1. Cholesterol oxidase possessed unique peaks at 1562 cm-1 and 3464 cm-1 which corresponded to the CH3-OH vibration bands. The broad peak obtained at 3464 cm-1 was attributed to amide bond present in cholesterol oxidase (Dhand et al. 2008 ).
The surface topography of ChOx/MWCNTs/chitosan was analyzed with atomic force microscopy (AFM). It displayed irregular matrix topography with a height of 8 nm (Fig. 2b) . The surface morphology of MWCNTs with and without cholesterol oxidase was studied using scanning electron microscopy. A visual change was noticed in the image, after cholesterol oxidase was immobilized. The MWCNTs without cholesterol oxidase showed thread like structures (Fig. 2c) whereas, the MWCNTs bound cholesterol oxidase exhibited the same thread like structures along with round particles. These circular particles might be due to the binding of cholesterol oxidase on the surface of MWCNTs (Fig. 2d) . 
Electrochemical characteristics of ChOx/MWCNTs/Chitosan film
In order to compare the effect of the modified GCE to the bare GCE, two voltammograms ( Fig. 3 a & b) were obtained: a) bare GCE (Fig. 3a) and ChOx/MWCNTs/chitosan modified GCE in 0.02M sodium phosphate buffer (pH 7.0) containing 50 mg/dL cholesterol (Fig. 3b) . The corresponding cyclic voltammograms were examined at 50mVs -1 in the potential range of -0.4 to 1.2V. The corresponding cyclic voltammograms were examined at 50mVs -1 in the potential range of -0.4 to 1.2V. The bare GCE exhibited no obvious peaks, while the ChOx/MWCNTs/chitosan modified GCE exhibited a sharp peak at 0.8V in the presence of cholesterol, this arises as a result of oxidation of the cholesterol added. This can be attributed to the incorporation of cholesterol oxidase in MWCNT-chitosan matrix which leads to enhance the electrocatalytic ability of the modified GCE. In amperometric biosensors electric potential is applied on H 2 O 2 which get oxidized to produce electrons and the flow of electrons produces current (Lata et al. 2016 ). The current generated is directly proportional to cholesterol concentration in serum:
It was estimated that ChOx/MWCNTs/chitosan modified GCE offered ultimate signal and least noise at +0.8V thus; this value was employed to analytical determinations. The typical voltammetric responses of the ChOx/MWCNTs/chitosan modified GCE to the addition of varying concentrations of cholesterol ((50 mg/dL to 500 mg/dL) at 50 mVs -1 in the potential range of -0.4 to +1.2 V (vs. Ag/AgCl) are shown in figure 4 . The obtained CV profiles clearly evidences that the sensing nature of cholesterol oxidase and cholesterol oxidase incorporated MWCNTs. The reproducibility of the fabricated biosensor was examined by running four CV cycles at scan rate of 50mV/s -1 . From the cyclic voltammetry studies a sharp peak at +0.8 V was observed, due to oxidation of cholesterol. A stable current response was observed at this potential values and hence the present method was utilized for the analytical determination of cholesterol (Fig. 4) . A linear graph was plotted using the generated current values obtained from cyclic voltammetric analyses when the concentration of cholesterol was gradually increased 
Effect of Working Potential, pH and Temperature on the functionality of the biosensor
The response of current with varying applied potential on the biosensor has been shown in Fig. 5a . The working potential was evaluated from 0.2V to 1.4V (vs. Ag/AgCl). With the increase in working potential, increase in steady-state current response was observed. Initially, it exhibited a significant increase in current value from +0.2V to +0.8V and then declined slightly after +0.8V. Therefore, +0.8V was selected as the working potential for detection of cholesterol by the biosensor.
The electrochemical response of ChOx/MWCNTs/chitosan modified GCE was evaluated at different pH's (4 to 9) using cyclic voltammetric analysis. The biosensor generated comparatively higher current when the biosensor maintained at pH 7.0 than the other pH's. Variation in peak current (Ip) was observed when pH was changed (Fig. 5b) . The potential peak current was observed at pH 7.0.
Similarly, the effect of temperature on the electrochemical response of ChOx/MWCNTs/chitosan modified GCE was obtained. The sensor was stable up to a temperature of 40ºC after which, there was a gradual decrease in the current generated as shown in Fig. 5c . This observation is due to the denaturation of the enzyme as temperature is increased and agrees with earlier reports made [26] [27] [28] [29] . 
Amperometric detection of cholesterol with the fabricated biosensor (ChOx/MWCNTs/Chitosan modified GCE)
The detection of cholesterol by the fabricated biosensor was determined amperometrically by measuring the current generated with the addition of cholesterol to the sensor in a gradient manner 25 to 500 mg/dL (0.1615 to 9.69mM). The cholesterol was injected to the biosensor at 10µl every 25 seconds at 30º C, the biosensor was polarized at + 0.8V under constant stirring in sodium phosphate buffer and the current approach gave a hyperbolic curve between current response and cholesterol concentration (Fig. 6) . A significant response was observed up to a concentration of 500 mg/dL (9.69 mM). The fabricated biosensor achieved 95% of steady state current in less than 5s. The calibration curve was found to be linear between electrocatalytic current and cholesterol concentration. The linear regression equation of y (µA) = 0.077 (mg/dL) + 55.59 with a correlation coefficient (R²) of 0.992 (Inset Fig. 6 ).
The Amperometric detection of cholesterol with the fabricated biosensor (ChOx/MWCNTs/Chitosan modified GCE) exhibited a hyperbolic curve between current response and cholesterol concentration ( Figure 6 
Accuracy
The accuracy of the cholesterol biosensor (ChOx/MWCNTs/chitosan modified GCE) fabricated in the present study was evaluated and compared with the conventional colorimetric based method. The measurement of cholesterol by these methods was performed with a solution containing 213, 345 and 407 mg/dL. The detection accuracy of these methods did not differ from each other (Table 1 ) thus demonstrating excellent accuracy. 
Precision
The concentration of total cholesterol was calculated on the same day (within batch) and in the same sample after storage at 4ºC for one week (between batches) in the serum sample repeatedly to examine the reproducible nature of the current biosensor. The values for coefficients of variation (CVs) were < 0.21% and < 0.24% for within batch and between batches, respectively ( Table 2 ). The results were far better than various earlier reported methods (Table 3) . (5) 209.556 ± 0.5 0.24
Effect of serum metabolites on the functionality of fabricated biosensor
The accuracy of the ChOx/MWCNT's/chitosan modified GCE for determination of cholesterol was evaluated by incubating the fabricated biosensor with cholesterol in the presence of physiological concentration of bilirubin (0.02 mg/mL), glucose (1.40 mg/mL), uric acid (0.07 mg/mL) and ascorbic acid (0.02 mg/mL). These metabolites did not generate current and the generation of current was observed only with cholesterol. (Fig. 7) 
Stability and Storage
The cholesterol biosensor (ChOx/MWCNTs/Chitosan modified GCE) was stored at 4ºC for 7 months and evaluated for its stability at the interval of every month. The functionality of the biosensor was not affected by storage up to 4 months. There was a gradual decrease in the functionality of biosensors stored for above 4 months. (Fig. 8) The biosensors lost 5, 7 and 8% of their efficiency when stored at 5, 6 and 7 months respectively. DOI: 10.9790/264X-03021020 www.iosrjournals.org 18 | Page 
IV. Conclusion
The success of any biosensor developed for medical importance depends on how it works in the presence of other interfering molecules and how stable they are? The fabricated biosensor in the present study was evaluated for its functionality in the presence of serum metabolites such as glucose, uric acid, ascorbic acid and bilirubin at their physiological concentration. Practically there was no interference from serum metabolites on the functionality of the fabricated biosensor, it was found to be stable over a period of 7 months when stored at 4ºC. The optimum working range of pH and temperature make it versatile and easy to use for serum samples. Its fast response time (~5s) and high sensitivity (0.13µM) are superior to conventional cholesterol biosensors. The accuracy, precision, effect of serum metabolites on the functionality of fabricated biosensor, stability and 
